Abstract Gaseous conditions at natural CO 2 springs (mofettes) affect many processes in these unique ecosystems. While the response of plants to extreme and fluctuating CO 2 concentrations ([CO 2 ]) is relatively well documented, little is known on microbial life in mofette soil. Therefore, it was the aim of this study to investigate the abundance and diversity of CO 2 -fixing bacteria in grassland soils in different distances to a natural carbon dioxide spring. Samples of the same soil type were collected from the Stavešinci mofette, a natural CO 2 spring which is known for very pure CO 2 emissions, at different distances from the CO 2 releasing vents, at locations that clearly differed in soil CO 2 efflux (from 12.5 to over 200 μmol CO 2 m −2 s −1 yearly average). Bulk and rhizospheric soil samples were included into analyses. The microbial response was followed by a molecular analysis of cbbL genes, encoding for the large subunit of RubisCO, a carboxylase which is of crucial importance for C assimilation in chemolitoautotrophic microbes. In all samples analyzed, the "red-like" type of cbbL genes could be detected. In contrast, the "green-like" type of cbbL could not be measured by the applied technique. Surprisingly, a reduction of "red-like" cbbL genes copies was observed in bulk soil and rhizosphere samples from the sites with the highest CO 2 concentrations. Furthermore, the diversity pattern of "red-like" cbbL genes changed depending on the CO 2 regime. This indicates that only a part of the autotrophic CO 2 -fixing microbes could adapt to the very high CO 2 concentrations and adverse life conditions that are governed by mofette gaseous regime.
Introduction
Due to the high geogenic CO 2 emissions, natural carbon dioxide springs form unique ecosystems. Often values exceeding 10% of CO 2 can be measured at the most exposed sites of the mofettes, which results in a displacement of other gases by carbon dioxide [24] . It has been shown by several authors that under these conditions, plant carbon assimilation is reduced and plant composition can be changed [13] . Whereas the effects of such extreme conditions on plant growth have been studied intensively, almost nothing is known about the microbial community structure and functions in mofette soils, besides the reports on a general reduction of microbial activity [10] , resulting in slow decomposition rates of plant litter [2] .
A process which should be directly affected by the high CO 2 concentrations in the soils close to the springs is the assimilation of carbon by photoautotrophic, chemolithoau-totrophic, and heterotrophic CO 2 -fixing soil microorganisms. Although this pathway is of minor importance for the total carbon budget in soils, there are indications that microbial carbon dioxide fixation can contribute significantly to the generation of labile pools of soil organic matter [11, 15] . The ribulose-1.5-bisphosphate carboxylase/ oxygenase (RubisCO) is a carboxylase which is of crucial importance for C assimilation in chemolitoautotrophic microbes. RubisCO occurs in multiple forms that vary in structure, catalytic properties, O 2 sensitivity, and substrate specificity [17, 21, 26] . The most distributed type of RubisCO is form I, which can be found in all terrestrial plants, eukaryotic algae, cyanobacteria, and also in most aerobic photo-and chemotropic prokaryotes. It is a hexadecamer composed of eight large and eight small subunits (L 8 S 8 ) [3, 21, 25] . The large subunit is encoded by the cbbL gene [9] , which was examined in our study. Phylogenetic analysis based on cbbL sequences revealed that form I RubisCO can be divided into two major groups which are quite distinct in terms of amino acid compositions and length of branches in the phylogenetic tree [26] : green-like and red-like. The green-like group contains cbbL sequences from plants, algae, and α-, β-, and g-Proteobacteria as well as from Cyanobacteria. The red-like type occurs in non-green algae and α-and β-Proteobacteria.
We postulated that high CO 2 concentrations in close vicinity of natural carbon dioxide springs increase the abundance of cbbL-like sequences in soil and change the diversity pattern of this functional group compared to soils that are not influenced by increased carbon dioxide. To review this hypothesis, the abundance and diversity of CO 2 -fixing bacteria were investigated in grassland soils in different distances to a mofette being exposed to different levels of geogenic CO 2 enrichment. Samples were analyzed from bulk soil and rhizospheric soil originating from the mofette Stavešinci (NE Slovenia). This natural CO 2 spring is known for very pure emissions of CO 2 with no coemissions of other gases (H 2 S, CH 4 ) which could hinder the studies of the effects of elevated [CO 2 ]. In bulk soil and rhizosphere samples, the abundance and diversity of cbbL genes, encoding for the large subunit of RubisCO, were analyzed.
Materials and Methods

Site Description
The study was conducted at the mofette field near Stavešinci (NE, Slovenia; see [8] and [24] for detailed site description). The site is a flat post-agricultural area where very pure CO 2 , without traces of sulfurous compounds, methane, and carbon monoxide, is released into the atmosphere by several vents. Due to topography, atmospheric CO 2 concentrations are very much dependent on weather (wind) conditions and can fluctuate from 0.036% to at least 1% (v/v) 0.5 m aboveground. Soil CO 2 concentration has been found to be more stable. At the most exposed sites of the mofette, CO 2 concentrations in the range of 50-100% can easily be measured at the depth of 20 cm [13, 24] resulting in high soil CO 2 effluxes.
The soil in this area is Haplic Gleysol (Dystric) [27] on quaternary alluvium. Soil samples were classified as silty clay loam consisted of 9% sand, 53% silt, and 38% clay. All soil horizons (Ag-Br 1 -Br 2 ) are having signs of reducing conditions, which are increased by the soil depth.
The analysis of samples was focused on the limited area of the mofette (approximately 100 m 2 ), a managed (harvested once per year) meadow where areas with different levels of geogenic CO 2 enrichment were found. The vegetation consists mainly of Dactylis glomarata, Poa pratensis, and Phleum pratense. Previous research revealed a significant negative correlation between soil CO 2 concentration (depth 20 cm) and plant growth parameters [13, 23, 24] .
Soil CO 2 Flux Measurements
Soil CO 2 fluxes were measured in order to monitor gaseous regime within the plot and to select sampling points for soil analyses. A dynamic method using a Li-Cor 6400-09 portable photosynthesis system (Li-Cor, Lincoln, NE, USA), fitted with a soil CO 2 efflux chamber, was applied. Circular collars (110 mm i.d.×45 mm) were installed in the soil in April 2005 at seven locations that had shown different levels of CO 2 enrichment during our previous preliminary measurements (Vodnik et al., unpublished data) . Vegetation inside the collars was removed during installation and the surface was kept bare for the time of the experiment. All soil collars were left on the site for the entire period of the study. Fluxes were measured regularly (interval of ca. 14 days), from 9 A.M. till 1 P.M. throughout the growing seasons 2005 and 2006.
Soil Sampling
Soil was first sampled in autumn 2005. In order not to disturb the site, samples were taken from the upper layer (1 cm) of the soil inside the collars (bulk, non-rhizospheric soil). Three independent replicates were taken each from sites with low CO 2 fluxes (L) and sites with high CO 2 fluxes (H) ( Table 1) . In spring 2006, samples were taken in the rooting horizon (0-10 cm depth, rhizospheric soil) of Timothy grass (P. pratense), growing at high (H), medium (M), and low (L) CO 2 fluxes (Table 1 ). Due to the intensive development of root biomass, the complete soil in this segment is influenced by the root and can be considered as rhizosphere soil. Again three replicates per site were sampled. In this case, each sample was a pooled sample composed from five subsamples taken within the sampling area of 0.2 m 2 with the soil borer (diameter 2 cm). All soil samples were individually homogenized, immediately frozen with liquid nitrogen, and then stored at −80°C until further processing.
Soil Chemical Analyses
Soil chemical analyses were performed for the samples taken at the end of the study when collars were removed from the site. Soil pH was measured in the suspension of soil in 0.01 M CaCl 2 [18] . Soil texture was determined using sedimentation pipette method [7] and USA classification [20] . Organic matter was calculated from the content of organic carbon (the conversion factor 1.724). Total organic carbon was analyzed by dry oxidation of organic carbon to CO 2 with a macro elemental analyzer (Vario MAX CNS, Analysensysteme, Germany). Total nitrogen was determined using a modified Kjeldahl method [19] . Cation exchange capacity (CEC) was determined as the sum of exchangeable Ca, Mg, K, Na, and H cations [20] .
The Extraction of Nucleic Acids from the Soil Nucleic acids were extracted from 500 mg of soil using the method described by Griffiths et al. [5] and slightly modified by Sharma et al. [16] . The quality and quantity of the extracts were evaluated using a spectrophotometer (Nanodrop, PeqLab, Germany). Extracts were kept at −20°C until further use.
Quantification of cbbL Genes
Quantification of red-like cbbL genes was done with TaqMan approach and primers according to the protocol of Selesi et al. [15] (see Table 2 ). Used fluorescent dyes as a reporter and a quencher were 6-carboxyfluorescein (FAM) and 6-carboxytetramethyl-rhodamin (TAMRA) at the 5′ and 3′. To 50 μl of reaction mixture 25 μM ROX & Go™ Green was added (Q-Biogene, France). Reactions were carried out in an ABI Prism 7700 Real-Time PCR System (Perkin Elmer, Applied Biosystems, USA). A standard curve was generated by using 10-fold serial dilutions of plasmid containing a partial sequence of Sinorhizobium meliloti (DSM 30135) cbbL gene, and it was ranging from 3.32×10 11 to 3.32×10 6 cbbL copies/μl. There was also a strong linear (R 2 =0.99) inverse relationship between Ct and the log 10 number of cbbL copies. The function describing the relationship is Ct=−3.76×log 10 (cbbL)+54.96. Efficiencies of polymerase chain reaction (PCR) reactions were calculated using data from the standard curves with the following formula: Efficiency: [10 (−1/slope) ]−1. As the initial analysis with the same soil indicated the presence of inhibitory substances which have been co-extracted with the DNA in the undiluted extracts (resulting in lower values compared to the recalculated values of diluted samples), all DNA extracts were diluted 1:20 for qPCR amplification. The assays were performed using three technical replicates per sample. The quality of the amplification was evaluated by confirmation in 1.5% agarose gels stained with ethidium bromide. a Forward and reverse primers are indicated by F or R as the last letter. Primers named cbbLR1 targeted genes with red-like cbbL sequences and cbbLG1 primers targeted genes with green-like cbbL sequences. Probe is named by cbbLRpro. b Positions correspond to the 'red-like' cbbL gene of Ralstonia eutropha H16 (U20584). c Y = C or T; S = G or C 
Diversity of cbbL Genes
RubisCO genes (red-like and green-like cbbL genes) were amplified from extracted DNA with primer pairs (Table 2) and protocol described by Selesi et al. [14] . Amplification from 100 ng of extracted DNA was performed in 50 μl reaction mixture containing 100 pmol of forward and reverse primer (Metabion GmbH, Germany), a 200-μM concentration of deoxynucleoside triphosphate (Fermentas GmbH, St. Leon-Rot, Germany), a 1.5-mM MgCl 2 , 0.3% BSA, 5% DMSO (Sigma Aldrich, Steinheim, Germany), and 1 U of Taq polymerase (Invitrogen, Carlsbad, USA) in 1× reaction buffer provided with the enzyme. After an initial denaturation for 4 min at 95°C, followed by 30 cycles for red-like and 40 cycles for green-like, the reaction was subjected to 1 min denaturation at 95°C, 1 min primer annealing at 58°C for red-like and 62.5°C for green-like cbbL primers, 1 min elongation at 72°C, and a final extension for 10 min at 72°C. For restriction fragment length polymorphism (RFLP) analysis, PCR products were double digested using restriction enzymes AluI and MspI according to the manufacturer's instructions (Fermentas GmbH, St. Leon-Rot, Germany). The reaction mixture was incubated due to the manufacturer's instructions. The digested PCR fragments obtained and purified using a PCR purification kit (Qiaquick, Qiagen, Germany) were size separated on ready-made polyacrylamide gels (Cleangel DNA analysis kit, Amersham Bioscience, Sweden) and visualized by ultra sensitive silvernitrate staining [6] .
The hierarchical cluster analysis of DNA patterns was performed using GelCompare II software package (Applied Maths, Kortrijk, Belgium), considering the presence/absence of both strong and weak bands. Using arithmetic averages (UPGMA), the unweighted pair group method was applied to DNA fingerprints profiling with the aim of identifying the samples, which generate similar patterns. Similarities between banding patterns, taken in pairs, were expressed as percentage value of a similarity coefficient (Dice coefficient).
For cloning and sequencing, 50 ng DNA was pooled from the three replicate extracts of samples from sites with high and low CO 2 concentrations (bulk samples) and used as template for the amplification of cbbL genes. The reaction mixture and amplification cycle were performed as described above. Purified PCR products from the three replicates were cloned using the TA cloning® kit (Invitrogen, Germany), following the manufacturer's instructions. The reaction contained 50 ng PCR product, 1 μl ligation buffer, 3 μl sterile dH 2 O, 2 μl of the vector (pCR® 2.1), and 1 μl T4 ligase. White colonies, containing the insert, were inoculated in LB medium with 50 μl ml −1 kanamycin, grown overnight, and used for plasmid isolation (Nucleospin, Macherey-Nagel, Germany). Plasmids holding inserts of correct size were selected after digestion with EcoRI (MBI Fermentas, Lithuania). One hundred fifty clones from each site were randomly selected and sequenced in an ABI Prism 3730 DNA sequencer using the BigDye terminator chemistry (Applied Biosystems, USA) according to manufacturer's instructions. Amino acid sequences were obtained using the program expase (http://www.expase.ch/tools/dnahtml) and aligned by clustalW (http://www.ebi.ac.uk/clustalw). Distance matrix was calculated using "Protdist" and Dayhoff PAM 001 matrix as amino acids replacement model (http:// evolution.genetics.washington.edu/phylip.html). Phylogenetic dendrograms were constructed using neighbor-joining analysis and randomization of species input. Bootstraps values were calculated from 1,000 sets.
In order to estimate the completeness of sampling of a community, rarefaction curves were generated using the software Analytic Rarefaction (http://www.uga.edu/∼strata/ software/Software.html). Deduced amino acid sequences showing more than 98% similarity were considered as one genotype [4] . The obtained sequences were submitted to NCBI database and can be found under the following accession numbers: EU450675-EU450759.
Statistical Analysis
The data was statistically analyzed using analysis of variance (ANOVA; Statgraphic plus for Windows 5.1, USA). Multiple comparisons of significant differences were made using the LSD test (p≤0.05). Where necessary, the data was log10-transformed to stabilize the variance prior to ANOVA. If variances were still dissimilar and the ANOVA test could not be applied, the Kruskal-Wallis test was used instead.
Results
Soil CO 2 Fluxes and General Soil Characteristics
Soil CO 2 flux clearly differed in the selected parts of the studied area (Table 1 , and substantially lower fluxes were found for locations defined as low CO 2 where the average was 21.1 μmol m −2 s −1 . Based on parallel measurements of soil CO 2 concentrations and CO 2 fluxes within the mofette area and at the neighboring sites (Vodnik et al., unpublished) and taking into account literature data on CO 2 fluxes from grasslands [9] , it can be presumed that at the latter sites soil was not exposed to geogenic CO 2 This can be revealed also from the comparison of yearly and monthly (month preceding the soil sampling) means. Soil chemical analyses of the soils sampled at the end of the 2-year period revealed several differences in soil characteristics that can be related to the rate of geogenic CO 2 enrichment (Table 3) . Soil pH was moderately acidic (5.7) at low CO 2 sites, while it was lower in the soils with medium and high CO 2 fluxes (5.0). At CO 2 -enriched sites, the content of total organic carbon (TOC) was higher compared to the other sites. However, the composition of stable organic matter was not influenced by the gaseous regime as revealed by 13C NMR spectra (data not shown).
Influence of Natural CO 2 Enrichment on Quantity and Diversity of cbbL Genes in Bulk Mofette Soil By using the primers listed in Table 2 , only red-like types of RubisCO cbbL genes could be detected in all soil samples. Although positive controls with DNA from pure cultures of Nitrobacter europaea (ATCC 19178) as well as soil samples spiked with DNA from the same organisms gave a clear positive band (data not shown), it was not possible to amplify the green-like RubisCO cbbL genes using the described PCR system. For surface bulk soil at the sites with low CO 2 fluxes, the average amount of cbbL copies was 1.4×10 7 gene copies/g of dry soil (Fig. 1) . The abundance of cbbL gene was significantly lower for high CO 2 soils (average 6.2×10 6 gene copies/g dry soil; p=0.001).
RFLP restriction patterns of the DNA fragments of redlike cbbL genes differed for low and high soil CO 2 environments, as revealed from the dendrogram (Fig. 2) . Two clearly separated clusters with more than 60% similarity between the banding patterns were found. A high similarity between replicate samples was found within location with the same gaseous regime, i.e., low or high CO 2 fluxes. One exception was sample H2 where a highly different banding pattern was determined.
Gene library revealed a high diversity of red-like cbbL sequences in both soils. However, rarefaction analysis showed that the number of clones (150 per sample) was sufficient to cover the diversity of cbbL operational taxonomic units (OTUs) at least on the protein level (data not shown). The numbers of OTUs between the two different soils did not differ. Twenty-nine different OTUs were detected in soils with low CO 2 concentrations, whereas 28 were found in high CO 2 environments. The shifts which had been observed by RFLP analysis on community level were confirmed on the basis of the single OTU level. Clear clusters of sequences related to both soil types were found. Whereas a cluster of sequences which was detected only in low CO 2 environments was phylogenetically closely linked to the red-like cbbL from Pelomonas puraquae, most of the sequences from high CO 2 environments were closely related to the red-like cbbL sequence from Mycobacterium sp. Interestingly, the number of OTUs related to red-like cbbL sequences of Rhizobium leguminosarum and Azospirillum lipoferum bacteria, which are known to promote plant growth and fix nitrogen, were reduced in the soils with high CO 2 concentrations compared to the soils with low CO 2 concentrations (Fig. 3) . Table 2 for differences in CO 2 fluxes.
Abundance and Diversity of CO 2 -fixing Bacteria in Grassland Soils
Influence of Natural CO 2 Enrichment on Quantity and Diversity of cbbL Genes in Rhizospheric Mofette Soil Similar to bulk soil only red-like types of RubisCO cbbL genes could be detected in rhizospheric soil. The number of gene copies encoding for cbbL copies was higher in soils that were not enriched with the geogenic CO 2 ( Fig. 1) . At the sites with medium and high CO 2 enrichment, the amount was 2.2×10 6 and 3.4×10 6 gene copies/g of dry soil, respectively, which was 25-40% of the amount found for the low CO 2 site (8.8×10
6 gene copies/g dry soil). While there was a significant difference between control and two enriched sites (p=0.001), the latter two (medium, high) did not differ in cbbL gene abundance as revealed by LSD multiple range test.
Also in the case of rhizospheric soil sampled in 2006, a cluster analysis of RFLP patterns revealed clear differences in diversity of microorganisms carrying cbbL gene between the sites with different CO 2 concentrations (Fig. 4) . Similarity of the banding pattern was higher than 75% and 60% for high and low CO 2 soils, respectively. Interestingly, soil samples from medium CO 2 locations formed two separate clusters, one by M1 samples and another formed by M2 and M3 samples.
Discussion
Soil CO 2 flux measurements confirmed previous findings that fairly stable levels of geogenic CO 2 enrichment can be found within the mofette area [24] . The fluxes of CO 2 at the sites declared as 'low CO 2 sites' were in the range known for soil with no geogenic enrichment [9] , while they were more than ten times higher at locations with high CO 2 . At these sites, deleterious effects of CO 2 on plants, i.e., growth retardation, disturbances of photosynthesis, and mineral nutrition, can be observed [13, 22, 24] . Many of these effects result from the belowground action of CO 2 . On the basis of previous measurements (Vodnik and Pfanz, unpublished data), it can be expected that a flux of 200 μmol m −2 s −1 (high CO 2 locations) corresponds to a soil CO 2 concentration of roughly 50% (v/v). High CO 2 concentrations affect soil pH (Table 3) and decrease soil oxygen concentration [13] . Substrate-induced respiration measurements at the same sites indicated that very high soil CO 2 concentrations reduce microbial activity [10] . Our results clearly indicate that also the composition of microbial communities Figure 2 Dendrogram of RFLP pattern for organisms carrying the red-like type of cbbL genes at natural CO 2 spring Stavešinci in surface, bulk mofette soil. Samples were taken at the sites with high (H) and low (L) soil CO 2 effluxes. Indices following the letter indicate true replicates within one gaseous regime. Scale represents percent of similarity Figure 3 Dendrogram showing phylogenetic relationships of red-like cbbL gene sequences at natural CO 2 spring Stavešinci in surface, bulk mofette soil. Samples were taken at the sites with high (H) and low (L) soil CO 2 effluxes. The tree was constructed from inferred amino acid sequences using Dayhoff PAM 001 distance matrix and neighborjoining analysis. Nitrobacter winogradskyi and N. hamburgensis were used as outgroup reference carrying cbbL genes was affected by the extreme mofette gaseous conditions. The observed reduction of cbbL genes copies in soil with increased CO 2 concentration is in contrast to our initial hypothesis. Obviously, only a part of the microflora that carry cbbL genes can adapt to the conditions at the sites with high CO 2 concentrations.
The amount of red-like cbbL copies in mofette soils was in the range of 2.2×10 6 to 1.4×10 7 red-like cbbL copies/g soil. This amount is similar to what has been described for the same gene for differently managed agricultural soils (6.8×10 6 to 3.4×10 7 red-like cbbL copies/g soil; [15] ). Our study, however, revealed that elevated soil CO 2 concentrations reduce the abundance of this gene in mofette soil. Interestingly, the lowest abundance of gene was found for the soils with medium CO 2 enrichment. For these sites, high fluctuations of soil CO 2 concentrations and soil CO 2 fluxes are known [24] . Dynamic gaseous conditions with rapidly changing concentrations of carbon dioxide and oxygen could represent an even more stressful environment for soil organisms than high, but stable CO 2 soil environments.
The reduction of cbbL gene copies could also reflect a changed composition of microbial communities capable of carboxylation. Elevated CO 2 affected the diversity of cbbL genes. The biggest dissimilarities in RFLP patterns between low and high CO 2 soils were found for non-rhizosphere soils sampled in 2005. This can be related to the fact that these soils were sampled from the surface (0-1 cm). Clearly, different conditions along the soil profile affect microbial performance and functioning. An increase of cbbL gene diversity with soil depth is reported in the study [21] which compared surface (0-2 cm) and sub-surface (5-7 cm) cotton and pine soils.
The analyses of rhizosphere soil samples taken at the depth of 0-10 cm confirmed the strong effect of natural CO 2 enrichment on microorganisms carrying red-like cbbL gene. The impact of CO 2 largely exceeded the effect of sampling depth or plant effects. This general conclusion can be drawn even if rhizospheric and bulk soil were sampled in two consecutive sampling years and taking into account the possible temporal effects.
Interestingly, no green-like cbbL genes were found in mofette soils. Similar results were obtained by Miltner et al. [12] for agricultural soils amended with organic matter. Miltner et al. [12] concluded that the input of readily available C sources suppressed the growth of a whole group of autotrophic organisms (obligate lithotrophs) carrying the green-like cbbL genes. In the case of mofettes, soil characteristics (e.g., pH, nutrient, and organic matter content) differ substantially between the sites with different level of geogenic CO 2 enrichment. Thus, it might be speculated that also other factors than organic matter influence the abundance of microbes carrying the green form of cbbL genes. However, it must be mentioned that the absence of a clear band does not necessarily mean that these organisms are not present in the soil samples. On the one hand, PCR needs at least 100-1,000 targets when working with soil samples [16] . On the other hand, primers might be biased and are only able to detect known sequences.
As the high CO 2 concentrations have changed the ecosystem, it cannot be excluded that the effects on cbbL Figure 4 Dendrogram of RLFP for organisms carrying the redlike type of cbbL genes at natural CO 2 spring Stavešinci in rhizospheric mofette soil. Samples were taken at the sampling depth of 0-10 cm close to Phleum pratense plants at the sites with high (H), medium (M), and low (L) soil CO 2 effluxes. Indices following the letter indicate true replicates within one gaseous regime. Scale represents percent of similarity gene abundance and diversity observed are not directly related to the high CO 2 concentrations, but to other parameters that have been changed. This may be related to smaller plant biomass, changed pH, or to the reduced oxygen availabilities at the sites close to CO 2 emitting vents [24] . Further studies under lab conditions are needed to figure out which parameter influences most cbbL carrying microbes.
Drastically changed structure and activity of microbial community carrying red-like cbbL gene under highly elevated CO 2 can importantly influence the carbon turnover in soils. Just recently, Carney et al. [1] reported that carbon storage in soil can be linked to the changes in soil microbial composition in response to elevated CO 2 concentrations in the atmosphere.
In the case of mofette soil, the relation of elevated soiland air-CO 2 concentration to soil carbon sequestration is complex since gaseous conditions influence several phases of the carbon cycle. High levels of TOC and some mineral nutrients in the CO 2 -enriched soils reflect a slower decomposition of organic matter under elevated soil CO 2 concentrations and reduced activity of biota. Besides, there are other processes that are strongly affected by extreme CO 2 concentrations and have, at the same time, an important impact on soil carbon balance in mofette soils (e.g., a reduced input of plant derived organic C to the soil [2] ). In this respect, the observed effect of elevated CO 2 on soil CO 2 -fixing microorganisms is only one in the line of responses that influence carbon cycle in mofette soil.
